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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A256Methods: The subjects were 80 joints from 64 patients with hip OA
(60±14, 16~82 years, 14 male, 66 female). Joints with KL-4 OA were
excluded.
Using the sagittal CT images passing the center of the femoral head,
joint space width was measured at the superior, anterior, and posterior
part. Based on them, the joint space narrowing was divided into four
types: superior, anterior, posterior, and uniform.
Results: The joint space narrowing that occurred dominantly at the
anterior part of the hip joint was observed in 20 out of 80 cases (25%).
Such cases were observed at a higher rate; 17 out of 35 cases (49%),
among patients in the early stage of the disease.
Conclusions: Even if it appears the cartilage remains on frontal plain
radiographs, some cases have joint space narrowing in an anterior part
of the hip joint.
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CHARACTERIZATION OF TIBIOFEMORAL CARTILAGE T2 MAPPING IN
THE CONTACT AND NON-CONTACT REGIONS DURING WALKING
USING DUAL FLUOROSCOPY AND MAGNETIC RESONANCE IMAGING
G.B. Sharma y, G. Kuntze y, J.E. Beveridge y, C. Bhatla z, J. Shank x,
J.L. Ronsky y. yUniv. of Calgary, Calgary, AB, Canada; zUniv. of British
Columbia, Vancouver, BC, Canada; xUniv. of British Columbia, Okanagan,
BC, Canada
Purpose: Pre-radiographic knee osteoarthritis (OA) changes such as
cartilage swelling and softening are indicative of cartilage degeneration.
Magnetic Resonance (MR) T2 relaxometry imaging is sensitive to
changes in cartilage composition in early OA. Increased knee cartilage
T2 map values have been reported in individuals with anterior cruciate
ligament (ACL) injury and/or OA. Tibiofemoral (TF) cartilage is known to
adapt to activities of daily living such as walking. Kinematic changes
with OA and/or ACL deﬁciency (ACLD) could cause repetitive loading of
ill-adapted cartilage regions leading to collagen network breakdown
and PG loss. Characterizing the T2 map value within the contact and
non-contact TF cartilage regions could provide key information for
detection of early OA. The purpose of this study was to develop 3D
methodology for T2 map value computation within contact and non-
contact TF cartilage regions during walking. Our hypothesis was that theaverage and range of T2 values would be different between the contact
and non-contact regions for healthy and ACLD individuals.
Methods: Three male participants volunteered for this study (age 55,
44, 34 years; 2 unilateral ACLD; 1 intact ACL with unilateral meniscal
injury). Participants arrived at the lab in the morning and were fully
non-weight bearing for at least 30min prior to imaging. MR imaging (3T
GE Discovery 750) was performed in a supine position using morpho-
logical (3D high resolution steady-state fast precision) and T2 relax-
ometry (2Dmultislice multiecho Carr-Purcell Meiboom-Gill) sequences.
Next, participants' knees were imaged using a dual ﬂuoroscopy (DF)
system at 120Hz while walking at 1.2m/s on a treadmill. 3D TF bone and
cartilage models were generated from segmented morphological scans
(Amira). Each TF cartilage model was volume meshed using 3D four-
node tetrahedron elements with ~0.01mm edge length resulting in
~50,000 nodes and ~200,000 elements.
TF arthrokinematics were obtained using 2D-3D registration software
(Autoscoper, Brown University) for ~0.4s from 0.1s before to 0.3s
(midstance) after heelstrike when the bones were visible within the
calibrated DF ﬁeld-of-view. TF cartilage T2 maps were computed using
an algebraic algorithm applied to T2 relaxometry images. A custom
Matlab (2014b) program applied DF derived bone alignments for each
motion frame to respective cartilage volumemeshmodels to determine
proximities between the femur and tibia cartilage volume mesh nodes.
Femur cartilage node proximity was computed as the distance between
each femur volume mesh node and the closest neighboring tibia car-
tilage volume mesh node, and vice versa for tibia cartilage node prox-
imity. T2 map value for each femur and tibia cartilage volume mesh
node was obtained from T2 map images. Femur and tibia cartilage
contact and non-contact region for each motion frame was deﬁned as
nodes with 0<proximity<1mm and 1proximity<2mm, respectively.
Paired t-tests were used for within-subject comparison of contact and
non-contact regions' average and range of the T2 map values for the
stance phase of walking.
Results: T2 average and range values were signiﬁcantly different
between contact and non-contact regions for all participants (Table 1).
T2map range in the intact ACL contralateral limbwas signiﬁcantly lower
in contact compared to non-contact region (Table 1). T2 map range in
the ACLD limb's lateral femoral and tibial cartilage was signiﬁcantly
greater in contact compared to the non-contact region (Table 1).
Conclusions: The developed methodology permitted subject-speciﬁc
3D analysis of T2 maps in TF cartilage contact and non-contact regions
able 1
S1 group S2 group S3 group ANOVA Post-Hoc
BV/TV, % 20.3±7.8 24.4±9.6 19.0±7.3 0.03 2/3
Tb.Th, mm 0.156±0.03 0.171±0.04 0.143±0.02 0.01 2/3
Tb.Sp. mm 0.602±0.08 0.614¼0.15 0.606±0.1 ns -
Tb.N, mm 1.25±0.25 1.39±0.32 1.29±0.29 ns -
DA 1.76±0.34 1.65±0.25 2.15±0.42 0.00002 3/2-1
Cart Th, mm 1.85.0.44 2.33±0.41 1.74±0.29 <10-4 3/2/1
Cart Vol, mm3 81.3±25.6 104.7±25.3 66.7±11.9 <10-4 3/2/1
SBP_Vol, mm3 14.4±6.5 17.8±5.8 10.4±3.1 <10-4 2/3-1
SBP_Porosit, % 28.1±20.5 12.7±6.0 17.6±7.4 <10-4 2/3-1
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A257during stance phase of walking. T2map average and rangewas different
in TF cartilage contact and non-contact regions. Cartilage adapts to
cyclic loading it experiences. In a healthy knee the regions of contact
have lower average and range of T2 values compared to non-contact
regions. The increase in average T2 map values for the ACLD knee is
likely attributed to a perturbed normal kinematic path where the
contact region may encompass cartilage ill-adapted to weight bearing.
Although the number of participants is small, this study provides the
tools to use subject-speciﬁc functional information to evaluate
cartilage structure and composition. Work is ongoing to recruit more
participants to develop characteristic T2 maps for aid in early OA
detection.
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LOCATION-DEPENDENCE OF SUBCHONDRAL TRABECULAR
STRUCTURE AND CARTILAGE AND SUBCHONDRAL BONE PLATE
THICKNESS ACROSS THE TIBIA IN HUMAN NON OSTEOARTHRITIC
KNEE: A MICRO-CT STUDY
S. Touraine, Jr. y, H. Bouhadoun, Jr. y, K. Engelke, Sr. z, J. Laredo, Sr. x,
C. Chappard, Sr. y. yB2OA UMR 7052 CNRS-Paris Diderot Univ., Paris,
France; z Inst. Med. Physics Erlangen-Nurmberg Univ., Erlangen,
Germany; x Service de radiologie osteo-articulaire Ho^pital Lariboisiere,
Paris, France
Purpose: To determine whether in non osteoarthritic (OA) knees car-
tilage and subchondral plate volume and subchondral trabecular bone
structure vary with location in the tibia plateau.
Methods: Bone cores extracted in three different locations from 28
cadaveric knees were scanned with micro-CT. Cadaveric unpaired knees
(left) obtained from a population of 17 (60.7%) women and 11 (38.3%)
men who willed their body to science were included in the study. The
mean age was 83 years ± 10 (range 58-99, median 82). For each
specimen the Kellgren-Lawrence score determined from post mortem
radiographs was lower than two.
After dissection, 3 vertical cores (7 mm in diameter, 10 mm in
length) were extracted in the posterior (S1), inner (S2) and lateral
(S3) regions of the medial tibial plateau. In all specimens S3 was
fully, S1 was partially and S2 was not covered by the meniscus. Each
core was imaged twice with micro-CT (SkyScan 1172®, Brucker, Bel-
gium) pixel size 10.23 mm. In the ﬁrst scan, the extracted cores were
imaged to measure cartilage volume (CartVol, mm3) and cartilage
thickness (CartTh, mm) by the sphere method. The second scan was
performed after defatting using supercritical CO2 to measure: sub-
chondral bone plate volume (SBP_Vol, mm3) and porosity
(SBP_Porosity, %) of the cortical subchondral bone as well as sub-
chondral trabecular architecture. In the 6.8 mm beneath the sub-
chondral bone plate: Bone Volume/Total Volume (BV/TV, %),
trabecular number (Tb.N, 1/mm), trabecular thickness (Tb.Th, mm),
trabecular separation (Tb.Sp, mm), and the degree of anisotropy
(DA,unitless) were measured.
One-way analysis of variance (ANOVA, Kruskal-Wallis), followed by
post-hoc analysis for multiple range test (Tukey-Kramer) were used to
investigate group differences in cartilage, subchondral bone plate and
trabecular bone structure. Pearson correlation coefﬁcients (r) were used
to investigate the relationship between cartilage, SBP and subchondral
trabecular bone.
Results: Table 1 shows mean ± SD values for the analyzed parameters
and also indicates whether there were signiﬁcant differences among
the three locations.
There is no correlation between trabecular bone parameters with
subchondral plate and cartilage. There is signiﬁcant correlation coef-
ﬁcients between the SBP_Vol and the CartTh and CartVol r¼ 0.60
(p<0.001) and 0.65 (p<0.0003), respectively in location (S1).
Conclusions: In non OA knees, the relationships between CartVol,
SBP_Vol and SBP_Porosity with subchondral trabecular bone volume
are location dependent. In an inner position (S2), which is never cov-
ered by the meniscus, CartVol, CartTh, SBP_Vol and the trabecular bone
parameters BV/TV and Tb.Th were higher and DA was lower compared
to the lateral (S3) locations, which are usually covered by the meniscus.
Parameters from the (S1) location partially covered by the meniscus
provide intermediate results between (S2) not coveredwith (S3) always
covered except for Tb.N and Tb.Sp. We conclude that the location in the
tibial medial plateau and the presence of the meniscus play an impor-
tant role on the surrounding structures such as cartilage, subchondral
plate and trabecular subchondral bone.T396
MULTI-DIMENSIONAL RELIABILITY ASSESSMENT OF FRACTAL
SIGNATURE ANALYSIS IN AN OUTPATIENT ORTHOPAEDIC
POPULATION
F.W. Roemer y,z, M. Jarraya z, J. Niu z, J. Duryea x, J. Lynch k,
A. Guermazi y,z. yASPETAR, Doha, Qatar; zBoston Univ. Sch. of Med.,
Boston, MA, USA; xHarvard Med. Sch., Boston, MA, USA; kUniv. of
California San Francisco, San Francisco, CA, USA
Purpose: It has been shown that trabecular bone structure parameters
extracted from radiographs known as fractal signature or bone texture
analysis (FSA) are able to predict structural outcomes such as radio-
graphic osteoarthritis (OA) progression. To date most studies inves-
tigating bone structure using FSA have focused on osteoarthritic joints
in older subjects in a standardized setting such as observational OA
studies using homogeneous radiographic acquisition protocols. As FSA
has the potential to be applied to a larger clinical audience as a prog-
nostic tool, its applicability in a routine clinical environment needs to be
explored. One potential ﬁeld of application will be sports medicine as
active athletes are at increased risk to premature joint degeneration due
to increased biomechanic loading and risk of joint injury. To fully
understand the potential of the method, data on reliability is para-
mount and should e despite the assessment of observer variability e
include parameters of image acquisition. The aim of this study was to
test the reliability of FSA measurements on a clinical cohort of patients
referred to a sports medicine department including several dimensions
such as intra- and inter-observer reliability, the inﬂuence of repeated
image acquisition using the same imaging technique and the variability
of measurements using uni- vs. bilateral image acquisition and anterior-
posterior (a.p.) vs. posterior-anterior (p.a.) acquisition.
Methods: The study was based on a search within the hospital PACS
system for knee radiography during a 2-year period. Included were
consecutive patients between 18 and 36 years of age who presented to
an outpatient clinic of a secondary referral center for sports medicine.
Patients complained of chronic or subacute pain, but must not have
suffered acute knee trauma within the last four weeks. Patients with
remote trauma and previous surgery were not excluded. Regions of
interest were placed in the subchondral medial tibial plateau. The
landmarks used were the tibial borders, tibial spine, ﬁbula head and
cortical plates. Fractal signatures were calculated in 10 horizontal and
vertical dimensions ranging from 0.29 mm to 1.57 mm. Reproducibility
of texture parameters was evaluated using intraclass correlation coef-
ﬁcients (ICC). Multi-dimensional assessment was performed including
1. a.p. vs. p.a. (acquired in Lyon-Schuss technique) views on 102 knees, 2.
Unilateral (single knee) vs. bilateral (both knees) acquisition on 27
knees (acquisition technique otherwise identical; same a.p or p.a view)
3. Repeat of the same image acquisition on 46 knees (same a.p or p.a
view, and same unitlateral or bilateral acquisition) and 4. Intra- and
inter-reader reliability with repeated placement of the ROIs in the
subchondral bone area on randomly chosen 100 knees.
Results: The total cohort included 685 patients of which 556 (81.2%)
were male and 60 (8.8%) patients had previous ACL surgery. 133 (19.4%)
patients were in the age group 18-22 years, 181 (26.4%) in the range of
23-27, 155 (22.6%) in the range of 28-32 and 216 (31.5%) were between
33 and 36 years old. Mean age was 28.5 years (SD ± 6.5). The ICC values
of the reproducibility of texture parameters for a.p. vs. p.a. image
acquisitions for horizontal and vertical dimensions combined were 0.72
(95% conﬁdence interval (CI) 0.70-0.74) ranging from 0.47 to 0.81 for the
different dimensions. For unilateral vs. bilateral image acquisitions the
ICCs were 0.79 (95% CI 0.76-0.82) ranging from 0.55 to 0.88. For repeat
